Introduction
The chemistry of indium halocomplexes is interesting for three reasons: 1) The three oxidation states of indium, In I , In II , and In III lead to an interesting structural variety. 2) In II is expected to appear as the result of dynamical mixing of In I and In III .
3) Halocomplexes of indium, such as in Li 3 InBr 6 [1 -3] and Li 3 InCl 6 [4] , may be cation super conductors.
The crystalline compounds between InBr and InBr 2 (= In I [In III Br 4 ]) [5] are In 5 Br 7 (InBr 1 4 ) [6 -8] , In 2 Br 3 (InBr 1 5 ) [9] , and In 4 Br 7 (InBr 1 75 ) [10] . These crystals are more appropriately formulated as [ 4 , and InBr 6 3 form anionic sublattices for the counter cations In + . We have synthesized and characterized these compounds by means of powder X-ray diffraction, DTA, 81 Br and 115 In NQR, and 115 In NMR. In this paper we mainly discuss the bonding, structure and phase transitions of In 4 Br 7 because of its structural changes with temperature.
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Experimental
All compounds were synthesized from In metal and InBr 3 , which was purified by sublimation. For each compound a stoichiometric mixture of In and InBr 3 was heated in an evacuated sealed tube at 350 C for three days, and the homogeneous mixture was quenched to room temperature and annealed for a week just below the melting point. anions, was consistent with the structure [9] . Although a large 2 parameter (348.6 MHz on average) was expected for the In-In bond, the asymmetry parameter of ca. 41% was much higher than expected. This large asymmetry parameter may suggest strong interactions between the anions and In + cations.
Two 81 Br NQR signals were observed for InBr 2 continuously from 77 K to 298 K with the same intensity ratio, suggesting a C 2v -mm2 point symmetry of the InBr 4 anion. As Table 2 Fig. 1 together with the phases determined by DTA, X-ray diffraction, and 81 Br NQR. This compound shows four phase transitions at 95, 195, 280, and 370 K and melts at ca. 460 K. The phase transitions at 95 K and 370 K showed hysteresis in the NQR and DTA. A complicated situation arises by the fact that the crystal from the melt is metastable. Although the crystalline sample obtained from the melt is more stable than its powder state, it changes to a white powder after several weeks. Furthermore, a mechanical stress such as above 420 K, this powder pattern changed to the original trigonal phase and could be maintained down to room temperature. Figure 2 shows the temperature dependence of the 81 Br NQR which appears in two different regions. 81 Br NQR signals with intensity ratio 1:3 from the high frequency side. On the other hand, the InBr 6 3 anion shows only one 81 Br NQR signal, suggesting a D 3v -3m point symmetry. Figure 3 shows the structure of In 4 Br 7 reported by Dronskowski. Our NQR results at Phase II and III are consistent with the structure. As Fig. 2 shows, the NQR signals assigned to InBr 4 anion disappeared at ca. 280 K accompanied by a gradual decrease of the spin-lattice relaxation time 1 . Therefore 1 was observed as a function of temperature as shown in Fig. 4 , where the dotted lines correspond to the Raman process (1/ 1 = 2 ). Except for an anomalous behavior near tr = 280 K, the 1 vs. 1/ curve assigned to the InBr 6 3 anion obeys the Raman process. On the other hand, 1 where the second term represents a contribution from an ionic motion. These activation energies ( a = 8 9 kJmol 1 ) are too small for a reorientation of the InBr 4 anion and furthermore, the pre-exponential factors are smaller by several orders than expected. These findings suggested a modulation effect due to some motion of the neighboring cation. One of the possible activation processes is a local motion of the In I (5), because it forms the shortest interactions with the InBr 4 anions and also shows a large temperature dependence of the 2 . With decreasing temperature, the In I (5) is supposed to shift from the center of the octahedral hole to an off-center position similar to In I (3) or In I (4). The coordination property of In I will be described later. 115 In NMR Using Polycrystalline In 4 Br 7 Figure 5 shows the temperature dependence of the 115 In NMR of polycrystalline In 4 Br 7 . At 77 K, two Since the crystal undergoes a phase transition to a trigonal system at 195 K, the tetrahedral site shows a typical second order effect with = 0. On the other hand, no second order effect was observed for the octahedral site. With further increasing the temperature, the 115 In NMR changed drastically at 370 K, at which a strong endothermic peak was observed on the DTA curve. Although the Rietveld refinement above 370 K did not finish, the powder pattern was quite similar to that at 298 K except a change in the intensity. These measurements from NMR, DTA and X-ray suggest that an order-disorder transition takes place in the cationic sublattice at 370 K. A new broad peak appeared around -120 ppm at 413 K, probably as a result of the averaged structure due to cationic diffusion. However, in this stage the oxidation state and the possible positions of the In atoms can not be decided unambiguously only from the NMR. 115 In has a nuclear spin = 9/2. Hence 9 allowed transitions (∆ = 1) are expected for each In site. It was convenient that all In sites are located on the three-fold axis, and hence all directions must be parallel to the c-axis of the trigonal system. Therefore the axially symmetric 2 and chemical shift tensor can be determined unambiguously from the rotation pattern about one axis. According to Abragam, the first order quadrupole effect with axial symmetry is expressed as [11] ∆ = q (3cos 2 sin 2 -1),
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where ∆ means a splitting between a pair of satellite transitions (1/2 3/2 and -1/2 -3/2), q = 2 1 /24, an angel of the sample rotation, and an angle between and the rotation axis of the crystal. Contributions from the second order quadrupole effect and the chemical shift are canceled out in (3). On the other hand, the contribution from the second order quadrupole effect on the central transition (-1/2 Figure 6 plots the first order splitting as a function of at 298 K for three In I sites and a tetrahedral In III site. From this measurement, was determined to be 86(1) . Table 2 summarizes   2 parameters for these sites. Furthermore, the temperature dependence of 2 could be easily determined from the spectra at an orientation with a maximum splitting ( = 0). The plot 2 vs. shows a slight change at 280 K as displayed in Figure 7 . However, at 370 K (Phase II Phase I) all satellite transitions disappeared, suggesting a drastic change of the cationic sublattice. Although the spectrum near L was very complicated, the second order shifts of all central transitions could be traced at 230 K, referring to the first order splittings. From the numerical analysis of the and chemical shifts ( iso ) were determined. As Table 2 shows, iso for the In I sites distribute over 1200 ppm, suggesting a characteristic distortion of the In I coordination. Figure 9 shows the nearest environments of
